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The  effect  of  the  most  common  physical  and  chemical  agents 
upon pure cultures of different spirochetes has already been studied 
by Bronfenbrenner  and  Noguchi.  1  In  the  present  series  of  experi- 
ments we studied the  action  of  a  large  number  of  hexamethylene- 
tetramine derivatives and new mercurial and arsenic compounds upon 
several  varieties  of  spirochetes  in  pure  cultures.  The  bactericidal 
strengths of the drugs upon different bacilli or cocci have already been 
tested,  2-s and it seemed to us to be of sufficient interest to  examine 
also their germicidal powers  for  spirochetes,  since  spirochetes  and 
bacteria often show a marked difference with regard to their resistance 
to  a  given  chemical  substance. 
i Bronfenbrermer, J., and Noguchi, H., On the Resistance of Various Spirochaetes 
in Cultures  to the Action of Chemical and Physical Agents, Y. Pharm. and Exp. 
Tkerap., 1912-13, iv, 333. 
2  Jacobs, W. A., and Heidelberger, M., The Quarternary  Salts of Hexamethy- 
lenetetramine.  I-VIII, J. Biol. Chem., 1915, xx, 659, 685; xxi, 103, 145,403,  439, 
455, 465; Mercury  Derivatives of Aromatic  Amines.  I.  Contribution to the 
Structure of Primary and Secondary p-Aminophenylmercuric Compounds, xx,513. 
3  Jacobs, W. A., The Bactericidal Properties of the Quarternary  Salts of Hexa- 
methylenetetramine.  I. The Problem of the Chemotherapy of Experimental  Bac- 
terial  Infections, Y. Exp. Med.,  1916, xxiii, 563. 
*  Jacobs, W. A., Heidelberger, M., and Amoss, H. L., The Bactericidal Proper- 
ties  of  the  Quartemary  Salts  of  Hexamethylenetetramine.  II. The  Relation 
between Constitution and Bactericidal Action in the Substituted  Benzylhexamethy- 
lenetetraminium  Salts, Y. Exp. Med.,  1916, xxiii, 569. 
5  Jacobs, W. A., Heidelberger, M., and Bull, C. G., The Bactericidal Properties 
of  the  Quartemary  Salts  of  Hexamethylenetetramine.  III. The  Relation  be- 
tween  Constitution  and  Bactericidal  Action  in  the Quarternary Salts  Obtained 
from Halogenacetyl  Compounds, Y. Exp. Met.,  1916, xxiii, 577. 
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EXPERIMENTAL. 
The new compounds employed for the present work  6 are  given  in 
Table I.  Most  of  these  compounds  are readily soluble in  distilled 
water.  A  few  exceptions  are marked  with  an  asterisk  or a  dagger 
in  the  table.  The  insoluble  preparations  were  first  ground  in  a 
mortar  with a  small  quantity of water and  then 0.1 N hydrochloric 
acid  (to those marked with an asterisk)  or 0.1  N  sodium hydroxide 
(to those marked with a  dagger)  was  added,  until  the  drug  passed 
into a  clear solution.  After that more water was added until a  1 per 
cent  solution  was  obtained.  Most  of  these  water-insoluble  drugs 
required from 2  to 4  cc. of a  0.1 N solution  of hydrochloric  acid  or 
sodium hydroxide to dissolve 0.1 gm. of the  substance. 
To  determine  the  intensity  of  the action of these chemical com- 
pounds,  the  following procedure  was  adopted.  A  number  of  dilu- 
tions in descending strengths  were made with each compound, such 
as 0.01, 0.001, 0.0001, etc., using distilled water as a  diluent.  From 
each of the dilutions  1 cc. was measured into each of the small test- 
tubes in series, and to the latter three drops of a  stock culture of the 
spirochetes were added. 
The stock culture used in the first series of experiments  consisted 
of fluid cultures of Treponema pallidum as grown by Noguchi's method  ~ 
and  contained  a  considerable  number  of actively motile organisms, 
as  seen  under  the  dark-field  microscope. 
The c ~ntents of each tube having been thoroughly mixed by shak- 
ing, the tubes were left in a water bath and kept at 37°C. for 1 hour. 
At  the  end  of  that  time,  transplants  into  new  media  were  made 
with  the  contents of the  tubes, in order  to determine in what dilu- 
tion each of the chemical compounds was able to sterilize the spiro- 
chetes completely.  A  microscopic  examination  alone  is  insufficient 
to determine whether tk ~ organisms are killed or not.  For the pur- 
pose of setting up new cultures,  Noguchi's solid medium containing 
61 wish to acknowledge  the courtesy of Dr. W. Jacobs and Dr. M. Heideiberger, 
of  The  Rockefeller  Institute  for Medical Research, who kindly  placed these 
chemical compounds at my disposal. 
Noguchi, H., A Method for Cultivating Treponema pallidum in Fluid Media, 
J. Exp. Med., 1912, xvi, 211. SEINAI AKATSU 
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Prepar- 
ation No 
9 
16 
19 
21 
28 
29 
4O 
46 
47 
50 
84 
86 
90a 
96 
97 
102 
107 
109 
111 
112 
114 
121 
122 
126 
134 
138 
142 
146 
147 
148 
150 
158 
163 
164 
168 
171 
172 
174 
2O4 
218 
219 
229 
232 
p-B  romobenzylhexamethylenete  traminium chloride. 
o-Xylylenedihexamethylenetetraminium  " 
2-Nitro-3, 4-dimethoxybenzylhexamethylenetetraminium  chloride. 
2-Oxy-3-carbomethoxynaphthobenzylhexamethylenetetraminium  chloride. 
5-ChloromethylvaniUin  4- hexamethylenetetramine. 
5-Chloromethylsalicylic  acid 4-  " 
p-Iodobenzylhexamethylenetetraminium  bromide. 
o-Nitrobenzylhexamethylenetetraminium  chloride. 
p-Nitrobenzylhexamethylenetetmminium  " 
1Vie  thylhexamethylenetetraminium  iodide. 
Chloroacetamide +  hexamethylenetetramine. 
Oxymethylchloroacetamide + 
Ethyl bromoacetate + 
Chloroacetylaniline 4- 
fl-Acetoxy-a-chloroacetylnaphthobenzylamine  4- hexamethylenetetramine. 
Chloroacetyl-a-naphthylamine  4- hexamethylenetetramine. 
Chloroacetylbenzylamine 4- hexamethylenetetramine. 
Chloroacetyl-fl-naphthylamine  4-  " 
o-Methylchlomacetylbenzylamine  4-  " 
p-Chloroacetylaminobenzoic  ethyl ester 4- hexamethylenetetramine. 
Chloroacetylurea 4- hexamethylenetetramine. 
Phenoxyethylhexamethylenetetraminium  bromide. 
p-Bromochloroacetylaniline  4- hexamethylenetetramine. 
Chloroacetylaminoazotoluenc  4-  " 
Chloroacetyl-p-anisidine  4-  " 
Chloroacetylacetylphenylhydrazine  4- hexamethylenetetramine. 
Chloroacetethylamide 4- hexamethylenetetramine. 
Menthyl bromoacetate 4-  " 
Bromoethylphthalimide 4-  " 
p-Nitrobenzoic bromoethyl'ester 4- hexamethylenetetramine. 
Bromoethyl benzoate +  hexamethylenetetramine. 
fl-Iodopropionyl-o-anisidine  4-  " 
p-Ethoxyphenyl bromoethyl ketone 4- hexamethylenetetramine. 
•  o), 
Chloroacetyl-q~-cumldine 4- hexamethylenetetramll~e. 
p-Acetamino-w-bromoacetophenone  4-  " 
m-Chloroacetylaminomethyl  benzamide 4-  " 
m-Chloroacetyl-a, a-phenylbenzylhydrazine 4- hexamethylenetetramine. 
m-Chloroacetylaminoethyl  anisate 4- hexamethylenetetramine. 
3-~-Bromoacetylquinaldine  4-  " 
Tribromo-p-cresyl  bromoethyl ether 4-  " 
p-Chloroacetylaminoleucomalachite  green 4-  "  * 
p-Chloroacetylaminobenzeneazo-p'-dimethylanfline  4- hexamethylenetetramine. 
p-  Chlor oacetylaminobenzeneazo-p '-diethylaniline 4-  " 366  RESISTANCE  OF  SPIROCHETES 
TABLE  I---Concluded. 
Prepara- 
tlon No. 
234 
239 
242 
244 
249 
252 
253 
255 
257 
261 
262 
263 
267 
271 
272 
273 
278 
280 
282 
283 
286 
289 
291 
293 
298 
301 
303 
308 
3O9 
M1 
M4 
M7 
a-Naphthyl bromoethyl ether +  hexamethylenetetramine. 
o-Acetaminophenyl bromoethyl ether +  " 
p-ChloroacetylaminodiethylaniUne +  " 
Chloroacetylaminoethyl p-nitrobenzoate  +  " 
p-Chloroacetylaminodipropylaniline  +  "  * 
p-Chloroacetylaminotetraethyl-p',  p"-diaminotriphenylmethane  +  hexamethy- 
lenetetramine. 
Chloroacetyldiethylamine  +  hexamethylenetetramine. 
p-Cyanobenzylhexamethylenetetraminium  chloride. 
o-Chloroacetylaminophenyl benzoate +  hexamethylenetetramine. 
Chloroacetyltriphenylmethylamine  +  " 
Chloroacetylleucoauramine +  "  * 
Chloroacetylaminoethyl  o-nitrobenzoate +  " 
Chloroacetylaminoethyl fl-naphthoate  W  " 
Chloroacetyl-N-phenylaminoethyl  p-nitrobenzoate  W hexamethylenetetramine. 
m-Acetamino-p-tolyl oJ-iodoethyl ketone W  " 
Chloroacetylethylaminoethyl  p-nitrobenzoate  W  " 
a, B-Diphenylchloroacetylaminoethanol +  " 
m-Chloroacetylaminoacetophenone  W  " 
a-Phenyl-a-oxy-B-chloroacetylaminoethane  W hexamethylenetetramine. 
p-Nitrobenzoylaminoisopropyl  chloroacetate  +  " 
Iodopropanol  W hexamethylenetetramine. 
2-Chloroacetylamino-3-oxy-3-methylbutane W hexamethylenetetramine. 
Chloroacetyl-o-methylphenoxyethylamine  +  " 
~-Chloroacetylamino~,/-butanol W  " 
B-Phenyl-fl-oxy-~-chloroacetylaminopropane W  " 
B-Naphthyl bromoethyl ether W hexamethyienetetramine. 
2-Oxy-3, 5-dibromobenzyl bromide +  "  t  ~. 
Chloroacetyl-m-iodoaniline +  " 
Chloroacetyl-5-iodo-o-toluidine +  " 
4-[p-Oxybenzeneazo]-phenylmercuric acetate. 
[o-Oxybelmylideneamino]-phenylmercuric " 
1-Amino-2-[p-naphthaleneazophenylmercuric acetate]-5-sulfonic acid. 
* Grind up in a  mortar with a  little  water  and  add 0.1  N hydrochloric  acid 
until dissolved. 
t Treat as above, using 0.1  N sodium hydroxide instead of hydrochloric acid. 
:~ Difficultly soluble. 
a  piece of fresh  sterile  rabbit  kidney and ascitic  agar  (17  cc. in each 
tube)  was  employed.  The  quantity  of  transplanted  fluid  contain- 
ing the  spirochetes  and  the  drug was approximately  0.2  cc.  for each SEINAI AKATSU  367 
tube.  Thus,  a  certain  amount  of  the  drug  was  necessarily  carried 
over  into  a  new  culture  together  with  the  spirochetes,  which  were 
suspended in different solutions of the  drug.  After  14 days' incuba- 
tion  at  37°C.,  the  results  of  the  culture  were  ascertained  by both 
macroscopic  and  dark-field  examinations. 
In  the  preliminary series of experiments it was  found  that  differ- 
ent  drugs  varied  considerably  with  regard  to  their  spirocheticidal 
power.  Thus,  some had the power to kill the organism in a  dilution 
of  1 : 100,  but not in  1 : 1,000,  while  others were effective in  1 : 1,000 
and  not in  1: 10,000,  etc.  Each  of the  drugs was  again subdivided 
for the purpose of determining more accurately" its disinfecting power 
against  the  spirochetes.  For  example,  in  the  case  of  a  drug  which 
was  found  effective  in  1:100  and  not  in  1: 1,000,  five  subdivided 
dilutions between both extremes, such as  1 : 100,  1 : 250,  1 : 500,  1 : 750, 
1: 1,000,  were  tested. 
In  this  series  the  manner  of  testing  the  spirocheticidal  powers 
was exactly the same as in  the first series.  After 14 days the results 
were  taken  with  the  aid  of  the  dark-field  microscope  (Table  II). 
The  color  of  each  preparation,  as  it  appears  in  a  fresh  1  per  cent 
solution,  is  noted  in  the  table. 
TABLE H. 
Preparation 
No. 
9 
16 
19 
21 
28 
29 
40 
46 
47 
50 
84 
86 
Appearance  of a  1 per cent fresh solution. 
Clear. 
Brown. 
Opaque. 
Slightly greenish opaque with sediment. 
Brown. 
Clear. 
Slightly opaque. 
Opaque. 
Clear. 
cc 
Result. 
Concentration 
sufficient to kill 
spirochetes. 
1  : 1,000 
1 : 2,500 
1 : 2,500 
1 : 2,500 
1 : 750 
1 : 2,500 
1 : 750 
1 : 250 
1 : 750 
1:100 
1:1,000 
1 : 250 
Concentration 
in  which  spiro- 
chetes  survived. 
1 : 2,500* 
1:5,000 
1 : 5,000 
1 : 5,000 
1 : 1,000 
1 : 5,000 
1 : 1,000 
1:500 
1 : 1,000 
1 : 250 
1 : 2,500 
1:500 
* Grind up in a  mortar with a  little water and  add  0.1  N sodium  hydroxide" 
until dissolved. 368  RESISTANCE  O1  ~  SPIROCHETES 
TABLE  II---Contin~d. 
Preparation 
No. 
90a 
96 
97 
102 
107 
109 
111 
112 
114 
121 
122 
126 
134 
1,38 
142 
146 
147 
148 
150 
158 
163 
164 
168 
171 
172 
174 
204 
218 
219 
229 
232 
234 
239 
242 
244 
249 
252 
253 
255 
257 
261 
Result. 
Appearance of a  1 per cent fresh solution.  Concentration 
sufficient to kill 
spirochetes. 
Clear. 
Slightly opaque. 
"  yellowish opaque. 
Opaque.  1 
Clear. 
Milky opaque. 
Slightly  " 
Opaque. 
Clear. 
Opaque. 
Reddish yellow. 
Slightly opaque. 
Clear. 
Slightly opaque. 
Clear. 
Slightly opaque. 
Clear. 
Milky opaque. 
at  ac 
Clear.  1 
"  slight sediment.  1 
1  : 1,000 
1  : 1,000 
1 : 1,000 
: 500 
1:500 
1  : 1,000 
1 : 2,500 
1  : 1,000 
1  : 1,000 
1 : 250 
1 : 2,500 
1  : 250 
1 : 2,500 
1  : 750 
1  : 1,000 
1  : 750 
1 : 1,000 
1 : 250 
1:500 
1:1,000 
1:500 
1 : 2,500 
: 750 
: 1,000 
1  : 2,500 
1:500 
1 : 2,500 
1  : 2,500 
1  : 5,000 
1:500 
1:1,000 
1:500 
1:1,000 
1  : 1,000 
1 : 2,500 
1:500 
1:1,000 
: 1,000 
: 1,000 
: 1,000 
: 1,000 
Milky opaque. 
Opaque. 
Slightly reddish yellow. 
Milky opaque. 
Green. 
Yellowish red. 
Reddish yellow. 
Clear. 
¢c 
Yellowish opaque. 
Opaque. 
Milky. 
Green. 
Clear.  1 
c~  1 
Yellowish opaque, a  little sediment.  1 
Milky.  1 
Concentration 
in which spiro- 
chetes survived. 
1 : 2,500 
1 : 2,500 
1 : 2,500 
1 : 750 
1 : 750 
1 : 2,500 
1:5,000 
1 : 2,500 
1  : 2,500 
1:500 
I  : 5,000 
1 : 500 
1 : 5,000 
1  : 1,000 
1 : 2,500 
1:1,000 
1  : 2,500 
1:500 
1 : 750 
1 : 5,000 
1  : 750 
1  : 5,000 
1:1,000 
1  : 2,500 
1  : 5,000 
1  : 750 
1  : 5,000 
1  : 5,000 
1 : 7,500 
1  : 750 
1 : 2,500 
1  : 750 
1  : 2,500 
1 : 2,500 
1 : 5,000 
1 : 750 
1 : 2,500 
1  : 2,500 
1 : 2,500 
1 : 2,500 
1  : 2,500 SEINAI AKATSU 
TABLE  II---Concluded. 
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Preparation 
No. 
262 
263 
267 
271 
272 
273 
278 
28O 
282 
283 
286 
289 
291 
293 
298 
301 
3O3 
308 
309 
Atoxyl. 
MI 
M4 
M7 
Result. 
Appearance  of a  1 per cent fresh solution. 
Slightly opaque. 
"  yellowish opaque. 
Milky. 
Brown. 
Milky with sediment. 
Slightly opaque. 
"  "  with sediment. 
Clear. 
Opaque. 
Clear. 
~¢ 
Opaque. 
Clear. 
Opaque. 
Brown with slight sediment. 
Milky. 
Clear. 
Yellow. 
Light yellow. 
Dark red. 
Concentration 
sui~clent to kill 
spirochetes. 
1 : 1,000 
1 : 1,000 
1 : 2,500 
1  : 1,000 
1 : 5,000 
1 : 1,000 
1 : 250 
1 : 1,000 
1  : 1,000 
1:500 
I  :500 
I  : 2,500 
1  : 1,000 
1 : 250 
1  : 1,000 
1 : 1,000 
1  : 1,000 
1 : 750 
1 : 750 
I :50 
1 : 50,000 
1 : 50,000 
1 : 25,000 
Concentration 
in which spiro- 
chetes survived. 
1 : 2,500 
1 : 2,500 
1 : 5,000 
I  : 2,500 
1 : 7,500 
1 : 2,500 
1:500 
1 : 2,500 
1 : 2,500 
1 : 750 
1 : 750 
1  : 5,000 
1 : 2,500 
1:500 
1 : 2,500 
I  : 2,500 
1 : 2,500* 
1  : 1,000 
1  : 1,000 
1:100 
1 : 75,000 
1  : 75,000 
1 : 50#00 
A  parallel  series  of  experiments  was  conducted  with  a  number  of 
the  most  common  disinfectants  and  antisyphilitic  medicaments,  in 
order  to  compare  the  action  of  new  chemical compounds with that 
of  standard  ones.  The  results  obtained  with  these  substances  are 
given in Table III. 
These experiments were made with a  strain belonging to a  medium 
type  of Treponema pallidum, as has  been  stated.  For  the  compari- 
son,  two  more  strains,  belonging  one  to  a  thin  and  the  other  to  a 
thick  type  of  the pallidum, as well as  several other  species of spiro- 
chetes  (refringens, microdentium, mucosum,  calligyrum,  etc.)  were 
tested  with  some  of  the  chemicals.  For  this  purpose  M1,  one 
of  the  powerful  compounds  against  the  pallidum, and  No.  253,  a 
much  weaker drug, were chosen.  The results are given in Table IV. 370  RESISTANCE  OF  SPIROCHETES 
TABLE  III. 
Name of drug. 
Phenol. 
Formalin. 
Lysol. 
Bichloride of mercury. 
Salvarsan. 
Neosalvarsan. 
Sodium iodide. 
Potassium iodide. 
Lugol's solution. 
Iodoxybenzoic acid. 
Trypozofrol. 
Neotrypozofrol. 
Sodium cholate. 
"  glycocholate. 
"  taurocholate. 
"  oleate. 
Saponin. 
Cholesterol. 
Cobra lecithide. 
"  venom. 
Result. 
Appearance of a  1 per cent 
fresh solution. 
Clear. 
cg 
Slightly opaque. 
Clear. 
Yellow. 
cc 
Clear. 
Deep reddish brown. 
Clear. 
Dark red. 
Deep  " 
"  brown. 
Light  " 
Yellowish opaque. 
"  transparent. 
Insoluble. 
Yellowish opaque. 
Concentration 
sufficient to kill 
spirochetes. 
1 : 2,500 
1 : 750 
1  : S,000 
1  : 100,000 
1 : 7,500 
1 : 2,500 
1:10 
1:10 
1:75 
1:500 
1 : 25,000 
1 : 250 
1  : 5,000 
1 : 2,500 
1 : 2,500 
1 : 7,000 
1 : 7,500 
No action. 
1 : 1,000 
1  : 1,000 
Concentration 
in which spiro- 
chetes survived. 
1  : 5,000 
1 : 1,000 
1 : 7,500 
1  : 500,000 
1 : 10,000 
1  : 5,000 
1:25 
1:25 
1:100 
1 : 1,000 
1 : 50,000 
1 : 1,000 
1 : 7,500 
1  : 5,000 
1 : 5,000 
1 : 10,000 
1  : 10,000 
No action. 
1 : 5,000 
1  : 5,000 
TABLE  IV. 
Spirochete.  M1  No. 253 
T.  pallidum,  large type  .......... 
"  "  small  "  ........... 
"  calligyrum  .................... 
~,~l~OS~  ..................... 
"  mlcrodentium  ................. 
S.  refringens  .................... 
1 : 10,000  I 1:50,000  1:1,000  1:2~000  1 : 2,500 
+ 
+ 
+ 
+ 
+ 
Different species of spirochetes seem to have about the same resistance 
to the action of these drugs. 
In order to determine the relative resistance of spirochetes on the 
one  hand,  and  certain  bacteria  on  the  other,  Bacillus  dysenteri~ 
Shiga  and  Streptococcus  were  subjected  to  the  action  of  these 
compounds in a  parallel series  and under similar experimental con- SEINAI AKATSU  371 
ditions.  For this purpose,  a  24 hour bouillon culture of the dysen- 
tery bacilli and an agar slant culture of streptococci were employed. 
The results are recorded in Table V. 
TABLE V. 
B. dysenterlcs.  5treptoco~us. 
Prepamtlon No. 
9 
16 
21 
29 
40 
46 
5O 
84 
86 
90a 
107 
114 
142 
146 
150 
171 
218 
232 
239 
242 
244 
253 
257 
278 
283 
286 
298 
Atoxyl. 
Lugol's solution. 
Neosalvarsan. 
Bichloride of 
mercury. 
1:10,000  [1:100,0001  1.'100  [  1:1,000  1:10,000 
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DISCUSSION  AND  SUMMARY. 
The  majority of  the  76  new compounds possessed spirocheticidal 
powers ranging  between  1:1,000  (30)  to  1:2,500  (14),  while only  2 
attained  the  power  of  1: 5,000,  1  of  1:  25,000,  and  2  of  1:  50,000. 
On the other hand,  8 killed the spirochetes in a dilution of 1 : 750, 10 
in 1 : 500, 7 in 1 : 250, 1 in 1 : 100, and 1 in 1 : 50. 
It may be mentioned that the 2 (M1, M4) of 1 : 50,000 and 1 (MT) 
of  1: 25,000" belong  to  the  mercury  compounds,  and  that  mercuric 
chloride kills the organisms in a dilution of 1 : 100,000 under the same 
experimental  conditions.  It  is  also  interesting  to  compare  some 
of  the  more  common  chemicals  and  therapeutic  reagents.  Phenol 
is spirocheticidal  in a dilution of  1 : 2,500,  lysol in  1 : 5,000,  formalin 
in  1 : 750, salvarsan in 1 : 7,500, and neosalvarsan in 1 : 2,500.  Thus, 
of the new compounds there  are  at'least  14  which  have  the  same 
spirocheticidal power in vitro  as has neosalvarsan. 
It is of interest to note that nine compounds possessing the 1 : 1,000 
spirocheticidal  power showed only one-tenth  of the antiseptic action 
when tested upon Bacillus  dysenteri6e  and  Streptococcus,  while some 
showed an  even  greater  difference  in  this  respect.  Nos. 16, 21, 29, 
218,  and  244 were effective in  a  dilution  of  1:2,500  for spirochetes 
and  in  a  1:100  or lower dilution  for  the  bacteria  just  referred  to. 
Preparations  46  and  84  appear  to  exert about the  same  effect both 
on  the  spirochetes  and  the  bacteria,  neither  being  very  strong. 
Atoxyl killed  the  spirochetes  in  a  1:50  dilution. 
One of the most striking results was obtained with various hemolytic 
substances.  Neufeld  and  yon  Prowazek  s  found  that  spirochetes, 
unlike  bacteria  in general,  are  highly susceptible to  the  lytic action 
of sodium  taurocholate  and  saponin,  and  they considered  that  this 
phenomenon  was of differential diagnostic value in determining plant 
and animal  organisms.  Their  observations were confirmed by Gon- 
derfl who found, however, that  spirochetes,  especially treponemata, 
s Neufeld, F.,  and  yon  Prowazek, S., Ueber die Immunitt~tserscheinungen bei 
der  Spirochaetensepti~mie  der  Hiihner und  fiber die Frage  der  Zugeht~rigkeit 
der Spirochaeten zu den Protozoen, Arb. k. Gsndhtsamte., 1907, xxv, 494. 
9 Gonder,  R., Spironemacea (Spirochaeten), in yon Prowazek, S.,  Handbuch  der 
pathogenen Protozoen, Leipsic, 6 Liefg., 1914, 671. SEn~AI Ar~ATSU  373 
offer a  great deal of resistance at the beginning, but finally undergo 
lysis, with their cell bodies swollen up or macerated.  In the present 
experiment  we  have  found  that  these  substances  not  only  bring 
about  cytolysis of the spirochetes in higher concentrations, but also 
kill  them  without  causing  a  gross  destruction of the cells in  very 
high dilutions; thus, sodium cholate in 1 : 5,000,  sodium  glycocholate 
and taurocholate in 1: 2,500 each, saponin in 1: 7,500.  Sodium oleate, 
one of the most powerful hemolytic agents  1°, n  killed the spirochetes 
in 1 : 7,000,  and cobra lecithide and native cobra venom in a dilution 
of 1:1,000  each. 
Neither sodium nor potassium iodide displayed any marked spiro- 
cheticidal property (1:10  only), while iodine in the form of Lugol's 
solution  was  able  to  kill  them  at  1:75. 
In conclusion I wish to acknowledge my indebtedness to Dr. Hideyo 
Noguchi for his assistance and advice. 
10 Madsen, T., and Noguchi, H., Toxines  et antitoxines.  Saponine-cholest6rine, 
Overs. k. Danske Vidensk. Sdsk. Fork., 1904, 457. 
n Noguchi, On  Certain  Thermostabile Venom Activators, 3".  Exp.  Med., 
1906, viii, 87. 